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INTRODUCTION 


This paper gives the cost and describes the mining of 55 tons of nickel- 
bearing rock by hand methods from a prospect in southern Nevada, June 15, 
1937, by the Mining Division of the Bureau of Mines. The geology, min- 
eralogy, and problems related to future development also are discussed 
briefly. The main object was to obtain a 55-ton sample within the limited 
period during which funds were available; little time was available to 
make a first-hand detailed study of the possibility of commercial ore de- 
posits being found, The sample was desired by the Metallurgical Division 
of the Bureau for experimental purposes at the Electro-Metallurgical 
Station at Boulder City, Nev. The term "ore" is used loosely in the fol- 
lowing discussion to designate dike material containing nickel and coprer, 
without consideration of its commercial value. 
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GEOGRAPHY 


The Great Eastern mine is in the Copper King mining district. The 
only other prospect of any importance in the district is the Key West, 
about 1 mile southwest of the Great Eastern. They are in the foothills 
on the southwest side of the Virgin Mountains in Clark County, Nev., and 
are reached by 13 miles of winding, steep, dirt road from paved highway 
U. S. 91; the road leaves the highway 5 miles from Bunkerville and 77 
miles from Las Vegas. 


The average altitude of the flood plain at the Virgin River nearest 
the district is about 1,000 feet. The Key West and Great Eastern are 
east at altitudes of about 3,660 and 4,175 feet, respectively. About 4 
miles east of the mines, Virgin Peak rises to an elevation of about 7, 500 
feet. 


The climate of the region exhibits daily and seasonal variations 
characteristic of the arid Southwest. A supply of pure water sufficient 
for domestic demands flows from two adits of the Great Eastern: old timers 
state that the flow has been continuous since the work was done. 


GEOLOGY 


In 1909, Bancroft visited the Great Eastern and Key West properties 
and described the geology briefly. The underlying rock in the vicinity 
ls a pinkish coarse-grained gneiss of granitic composition showing dis- 
tinct gneissic structure, having orthoclase feldspar and quartz in about 
equal amounts, with a little hornblende. Overlying this is a limestone 
conglomerate a few feet thick composed of rather small fragments. Above 
this is a pinkish limestone of considerable thickness, which assumes a. 
yellow color on weathering. This formation extends to a point within 2 
miles of the Key West, where it has been entirely eroded and the under- 
lying gneiss exposed. About 2 miles east of the Key West and Great 
Eastern the limestone reappears and is apparently of great thickness. . 
Thus, a narrow strip approximately 4 miles wide of probaoly pre-Cambrian 
rocks has been exposed. This strip contains the Key West, Great Eastern, 
and many evidences of extensive prospecting. 


The prevalent direction of schistosity seems to be northeast with — 
an almost vertical dip. The rocks, standing almost vertical, with ac-_. 
companying jointing parallel to the shearing planes, form ridges inplaces. 
Along these ridges are intruded various basic rocks, with aplite and peg- 
matite, all of which are common to the vicinity. The two latter intru- 
sions are evidently later than the metamorphism of the region. 


Dikes of extremely basic composition sre the most interesting feature 
of the geology of the area as some of them represent the ore-bearing forn— 
ation. The basic dikes resemble each other in general appearance. The 
barren dikes, however, can be distinguished readily from the mineralized 


dikes by the presence of comparatively large quantities of feldspar. The 
5/ Work cited, footnote 3, : 
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mineralized dikes are intruded into tne gneisses in a number of places 
with no apparent regularity except in direction of strike, One of the 
dikes between the Great Hastern and Key West has been traced for over 
1,500 feet on the surface, and is shown to be from 50 to 100 feet wide 
in places; its ore-bearing possibllities have not been determined. 
Usually, surface exposures are 100 feet or more in length and vary in 
width from 10 to 50 feet. They are commonly faulted both horizontally 
and vertically, although, apparently, in places they terminate by pinch- 
ing out, forming lenses, 


The Great Eastern dike, from which the 55-ton sample was mined, is a 
very basic intrusion having the composition of peridotite; it is typical 
of the mineralized dikes. Tne rock is microscopically holo-crystalline; 
the chief minerals are augite, olivine, biotite, and enstatite, in order 
of relative abundance. This would constitute an enstatite-mica picrite, 
a variety of peridotite. The rock also contains pyrrhotite, magnetite, 
and chalcopyrite, wnich apparently are of primary origin and are in- 
timately intergrown, These minerals constitute a varying relative pro- 
portion of the whole dike, being quite prominent in the ore mined, with 
pyrrhotite predominating. Chromite has been recognized. The economic 
metals that have been found in various samples analyzed over a number of 
years comprise nickel, copper, metals of the platinum group, and oc- 
easionally a small amount of cobalt and, rarely, gold and silver. 


The Great Eastein dike, as disclosed in the stope from which the 55 
tons of ore was taken, had « strike of about N. 60° E. and a steep dip 
to the southeast, as indicated by a small area of footvall that was ex- 
posed. An adit entering the ore shoot passed through a fault, cutting 
the dike almost at rignt angles and dinping about vertical, About 12 to 
18 inches of gouge was contained in the fault fissure. The nanging wall 
was not reached in stoping, although the dike was penetrated about 
13~-1/2 feet. 


The ore encountered was hard and extremely difficult to drill by 
hand; it runs about 10-1/4 cubic feet per ton of solid rock. The wall 
rocks are softer than the ores; the contact between ore and waste, as 
shown in the footwall, is well defined. Sulphides appear to be evenly 
distributed across the full widtn of the dike exposed in the stope. 


GENERAL 


A few carloads of ore have been shipped from the Key West and a 
small tonnage has been milled on the ground. This mine has been de- 
veloped on three levels. The mineralized dike on the Great Eastern has 
beon developed only sufficiently to show the presence of ore. Other 
dikes rarely have been prospected below a possible leached zone at the 
surface. Deeper prospecting, probably with diumond drills, to determine 
grade of ore, extent, and relation to faulting, appears to be a logical 
approach for further prospecting. The future of the district depends 
upon the results of furtner development. 
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At present, the most economical method of treatment of the ore appears 
to be concentration of sulphides et the mine and final recovery of tha 
metals at soma place on Mead lake. 


A large amount of chezp power is avallable at Boulcer Dam that covld 
be used for a pyrometaliurgical process for treatinz the concentrate. 
Eventually the lake will be within less than 10 milcs of the district. 
Concentrates could be hanled to the lake and barged to Boulder Dam or 
some otner possible industrial center on the leke shore for final re- 
covery of the metals. | 


It is doubtful whether the mines would develop sufficient water for 
milling purposes, and this probably would have to be augmented oy pum- 
ing from the Virgin River, a distance of less thun 10 niles horizontally 
and 2,500 feet vertically. 


DEVSLCPMENT 


Development on the Great Eastern dike comprises a lower and an up- 
per adit. The lower adit wes driven southeast about 100 feet, where it 
branched: the right branch cut the dike to the southwest at a flat mele 
and the left branch was driven east toward the dike. The upner edit was 
started at an elevation of about 90 feet above the portal of the lower 
and 700 feet northeast; it was driven south about 50 feet, then continued 
in a general northeast direction in search of the dike. Good ore was 
encountered at about 300 feet from the portal; the 55-ton nickel Ben EG was 
taken from this oreshoote 


The Key West (1909) nad veen prospected by over 3,000 fret of de- 
velopment work, comprising two shafts (the main one 312 feet deep), 
three levels, winzes, anc drifts. The prospect remained idle until ue 
wnen sOme additional work was donee The results cf this last work have 
not been made public. 


Minor prospecting in the district comprises a nunber of shallow 
pits and short tunnels between and in the vicinity of the Great Eastern 
and Key West, These have exposed extensive dikes similar to those of 
the two prospects. 


MINING 


Considerable preliminary work was necessary before actual nining 
and tramming could start, although a smell amount of ore wes broken in 
the face and shoveled back during the first few days. 


Prelininary Work 


A winer and two muckers were employed at Mesquite to start the work. 
A half day was required to assemble camp equipment, drill steel, powder, 
and various other tools anc to truck them to the mine. While a camp was 
being established on the mine dump, one of the men cleared away a large 
pile of waste that was blocking the adit mouth to allow a 3-foot accumu= 
lation of water to drain out. 
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Preliminary work at the mine included clearing the waste and water 
from the upper adit, salvaging track, ties, bolts, and spikes from the 
lower adit, relaying the track in the upper adit, and clearing off the up- 
per dump for an ore-storage site. From 35 to 40 cars of waste was re- 
moved from the upper adit as fast as the track was advanced in order to 
make room for the track and to provide drainage. About 450 feet of track 
was salvaged from the lower adit and carried by hand about 700 feet to 
the upper adit. The rails, bolts, and spikes were badly corroded, and 
over half of the ties were too rotten to be used again, About 375 feet 
of track was found to be sound enough for temporary use. Sufficient 
scrap wood and small timber was gathered over an area of several square miles 
to replace the rotten ties. Bolts and spikes were salvaged from various 
SOUTCES « 


The total 375 feet of traciz and the work connected with it were 
completed by two men in 5 days. The author stayed at the mine and as- 
sisted with the work during the entire period. 


Considerable time was consumed and difficulty was encountered in 
obtaining an ore car. A 15-cudic foot car in good condition was borrowed 
from one of the co-partners in the ownership of the mine. This was 
hauled over poor roads for adout 10 miles to a position about 200 feet 
below the portal of the tunnel. Four men were required to push the car 
uphill through brush and rock to the mine dump. 


Stoping 


Mineralized sections of the ore-bearing dikes had been sampled pre- 
viously by the Bureau of Mines. The best exposure of ore was in the face 
of the upper adit; ore had been penetrated 4 to 5 feet. The cross-sec- 
tion of the adit at the end was 4 by 6 feet. Although it was difficult 
to drill the ore by hand, the tonnage to be mined did not justify the 
expense of installing an alr-compressor. 


The actual work of stoping was started by a miner immediately as 
the face became accessible. During the first 5 days, the miner had 
broken about 15 cars of ore; this work opened the face sufficiently to 
accommodate two miners. One of the muckers, who had had previous expe- 
rience as a hand driller was started as a helper when the preliminary 
work was finished; the other mucker loaded and trammed the ore to the 
dump, handled steel, and did other miscellaneous work, When not other- 
wise occupied, his time was spent in drilling when the stope was opened 
sufficiently to accommodate a third miner, 


The usual routine of mining consisted of picking dowm, shoveling 
back, drilling, and blasting. Loading and tramming was conducted simul- 
taneously with mining. Normally, a 10-hour shift was worked. 
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At first, plans were to pick down and shovel back at night, several 
hours after blasting, Tnis was found to be impracticable, as lack of 
ventilation prevented the gas from being cleared ovt in that time. It 
became necessary to pick down at the beginning of the day shift, when 
the air was practically free of gas. 


Drilling was done by hand and, except experimentally, all was by 
single-jacking, Double-jacking was tried, but it soon became apparent 
that less hole was being drilled per man, Holes were not drilled in any 
regular pattern; every advantage was teken of slips in slabbing off the 
ore. Holes were placed in soft spots, depressions, and bootlegs after 
making. certain they were free of powder. Drilling in the hard rock caused 
the drills to lose gage rapidly, making it rarely possivle to drill deeper 
than 18 inches, The limit was 12 or 13 inches in many holes. Steel was 
mostly old and of poor quality. It was obtained from several sources and 
ranged from 1/2 to 7/8 inch in diameter. Some pieces of steel were badly 
water checked or had been improperly heat-treated; other pleces were made 
from hollow hexagonel steel, making it difficult to forge a good cutting 
edge. 


Usually, about eight holes were blasted each shift, using 40-percent 
gelatin dynamite, no. 6 caps, and fuse with a 5-foot minimum length. 
Shots were fired in rotation, according to the judgment of the miner. 
Three misfires occurred during the mining period. 


At the end of the period, the maximum dimensions of the stope were 
about 13-1/2 feet across the width of the dike, 9 feet along its strike, 
and 8-1/2 feet high, The amount of pyrrhotite increased as mining pro- 
gressecd. The ore was softer on the footwall side, probably due to a 
slight seepage of water along the footwall and fault. The core of the 
dike was uniformly hard: however, it broke well to cxtensive slips, 
usually leaving a good back and walls. 


Considerable difficulty was encountered in tramming, due to the 
crookedness of the adit and the poor condition of the track, particularly 
the rotten ties. 


A few dangerous places developed in the adit by loosening of the 
enelss. Some time was lost searching for timber suitable for stulls to 
support these bad spotse 


Originally, the plans were to have steel sharpened at Mesauite, 
about 23 miles from the mine; after one batch of steel had been handled 
in this manner, the plan was found to de impracticable and was abandoned. 
The ore proved harder than was supposed at first, and the plan would re- 
quire the full-time service of a blacksnith to ee steel and of a 
car and driver to haul it, 


After the fourth day, Robert Baker, a partner in the sieianis of 
the property, arrived at the mine and spent his time sharpening steel in 
an old blacksmith shop at the portal of the lower adit. The arrangement 
worked satisfactorily until the work was completed. 
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The miner and blacksmith were partners in the contract and furnished 
board, Cooking was done by the men. 


PERFORMANCE 


The following table gives the chief items of performance: 


LOWS Of OO: Mi 16d, 64 s.0ed beens e sans etousnes wees 55 
Cars of waste cleaned up CCR CHOHC HEE THe EOOHOCECEE Lio 
Length Of PeriOd, ‘Gay discs 66:66 6:6 0:6ssea esos seers 18 
Hours. worked per GhI Tt eiuissesascn Geswwaweneis 10 
Total Manechit taus.cscweeccw eves twecuses oeoeees 86 
Ton of ore per man—Shift esvsccsccsccecsecccece + Ooh} 


Track salvaged, feet wcccsccscecsnccsccseceses 450 
Track relayed, feet sececcessscceseccssesesses 375 
Time salvaging and relaying track, man~shiftse 10 
Total footage drilled (estimate) eseccccceseee 115 


Feet drilled per miner—shift cecseccscccercsces 302 
Pieces of steel sharpened (estimate)essccccses 900 
Inches drilled per piece sharpened ceceocesecs 1.5 
Explosives consumed, 40-percent gelatin, 
pounds PPC OHO Freer ererecvereeenereseovesoeese 62.5 
Pounds explosives per ton Of OFGcccecccecseves 1.13 
COSTS 


The following table gives the distribution and estimated cost of 
labor: 


Distribution of labor 


Shifts | Total | Rate per shift, 


Item er da shifts 10 hours Total 
Mining: 
MANGE snc peue aie $90 
Helper a.s64:40e sss {e 
Shoveling and tramming 42 
Track laying ........ ° fo 
Steel sharpening ..... 10 
Supervision2/......... 108 


BAUR Lassen treet ene A) 
1/ Includes board 2/ Not included in the allotment for mining. 
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The following table contains costs of mining 55 tons of ore for 


the period June 15 to 30, 1937: 


Cost per ton of ore mined 


Total cost Cost 

SUPSTVASLONS as.Kasncsaceewnse |-'S208<00 $108.00 | 1.97 
Labor:2/ 7 

MANAGE e569 iasSeksSiewke es 2095 

Shoveling and tramming ., 05S 

Steel sharpening ....ceee |: 1.27 

Track laying3/ ...ccecsece 40.00 304.00 | _.73 
Supplies: 

EXPLOSLVOD -6:6-54i% deeds» o° 10.50 e190 

Cans and Tuse .sssceenes ‘ 50 «100 

gat a ee ee ‘REE 3200 2055 

PUOLS 5 ieee bi 6s RKO eietaals , 2.00 21.00 5055 
iacel LaneOUAl) ovanceastsvsawe 15.00 1.36 
2OUEL ws oe 25a edsewuews4ebesas 


1/ Furnished by Mining Division, Bureau of Terr 
2/ Includes board. 

ey Includes reclaiming track and cleaning tunnel. 
a Blacksmi th coal ° 


Rental of equipment and incidentals. 
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per ton 


1.97 
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